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High  concentration  water  soluble  polymer  dispersions  in  oil. 

Water-in-oil  emulsions  containing  high  concentrations 
of  water  soluble  polymers  are  prepared  by  incorporating 
therein  a  polymeric  surfactant  prepared  from  maleic  anhyd- 
ride  and  a  comonomer. 



T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  w a t e r   s o l u b l e  

p o l y m e r s   d i s p e r s e d   in  w a t e r - i n - o i l   e m u l s i o n s .   More  p a r -  

t i c u l a r l y ,   t h e   p r e s e n t   i n v e n t i o n   r e l a t e s   to  s t a b l e   w a t -  

e r - i n - o i l   e m u l s i o n s   w h i c h   c o n t a i n   a  h i g h   c o n c e n t r a t i o n   o f  

f i n e l y   d i s p e r s e d   p o l y m e r i c   p a r t i c l e s   and  a  p o l y m e r i c   s u r -  

f a c t a n t   t h e r e i n .   The  s t a b i l i t y   a t   the   h i g h   c o n c e n t r a t i o n   i s  

made  p o s s i b l e   by  t h e   u s e   of  t he   p o l y m e r i c   s u r f a c t a n t s   of  t h i s  

i n v e n t i o n  

W a t e r - i n - o i l   e m u l s i o n s   h a v i n g   w a t e r   s o l u b l e   p o l y -  

mers   d i s p e r s e d   t h e r e i n   a r e   w e l l   known  in  t he   a r t .   S u c h  

e m u l s i o n s   h a v e  f o u n d   a  w ide   v a r i e t y   of  u s e s ,   f o r   e x a m p l e ,   a s  

f l o c c u l a n t s   in  t he   m i n i n g   i n d u s t r y   and  in  s e w a g e   t r e a t m e n t ,  

and  as  m o b i l i t y   c o n t r o l   a g e n t s   in  e n h a n c e d   o i l   r e c o v e r y .  

H o w e v e r ,   c o m m e r c i a l l y   a v a i l a b l e   s t a b l e   e m u l s i o n s   h a v e   a  

r e l a t i v e l y   low  p o l y m e r i c   s o l i d s   c o n t e n t .   A c c o r d i n g l y ,   l a r g e  

v o l u m e s   of   t h e s e   e m u l s i o n s   mus t   be  u s e d ,   and  s h i p m e n t   a n d  

s t o r a g e   c o s t s   a r e   h i g h .  

H e r e t o f o r e ,   t h e   mos t   s u c c e s s f u l   m e t h o d   of   d e a l i n g  
w i t h   t h i s   p r o b l e m   was  to  c o n c e n t r a t e   low  s o l i d s   e m u l s i o n s  

f o l l o w i n g   t h e i r   p r e p a r a t i o n .   V a r i o u s   c o n c e n t r a t i o n   p r o -  
c e s s e s   a r e   d i s c l o s e d   i n  U .   S.  P a t e n t   Nos.  3 , 8 4 9 , 3 6 1 ,   4 , 0 2 1 , -  

399  and  4 , 0 5 2 , 3 5 3 .   H o w e v e r ,   e a c h   of  t h e s e   p r o c e s s e s   n e c e s -  
s i t a t e s   t h e   a d d i t i o n a l   c o s t l y   s t e p   of  c o n c e n t r a t i n g   t h e  

e m u l s i o n .   Thus  i t   w o u l d   be  an  a d v a n c e m e n t   in  of  p o l y m e r i c  

s o l i d s   c o u l d   be  p r e p a r e d   w i t h o u t   the   r e q u i r e m e n t   of  s u c h  

a d d i t i o n a l   s t e p .  



I t   i s ,   a c c o r d i n g l y ,   an  o b j e c t   of  the   i n s t a n t   i n -  

v e n t i o n   to  p r o v i d e   a  m e t h o d   to  d i r e c t l y   p r e p a r e   a  h i g h  

p o l y m e r i c   s o l i d s   c o n t e n t   w a t e r - i n - o i l   e m u l s i o n   w h i c h   p o s -  

s e s s e s   e x c e l l e n t   s t a b i l i t y .  

O t h e r   o b j e c t s   w i l l   become  a p p a r e n t   f r o m   t he   e n -  

s u i n g   d e s c r i p t i o n .  

I t   has   been   d i s c o v e r e d   t h a t   t h e   a d d i t i o n   of  c e r t a i n  

p o l y m e r i c   s u r f a c t a n t s   w i l l   p e r m i t   t h e   w a t e r   s o l u b l e   p o l y -  

m e r i c   s o l i d s   c o n t e n t   in  a  w a t e r - i n - o i l   e m u l s i o n   to  be  i n -  

c r e a s e d   f r o m   the   c u r r e n t   l e v e l s   of  f r o m   20%  to  30%  to  f r o m  

a b o u t   40%  to  60%  b a s e d   upon   t he   t o t a l   e m u l s i o n   w e i g h t ,   i . e .  

w a t e r ,   o i l   and  p o l y m e r ,   w i t h o u t   the   n e c e s s i t y   of   c o n c e n -  

t r a t i n g   t h e   e m u l s i o n   to  a c h i e v e   t h i s   r e s u l t .   The  e m u l s i o n s  

p o s s e s s   e x c e l l e n t   m e c h a n i c a l   s t a b i l i t y .   The  e m u l s i o n s   a l s o  

show  s i g n i f i c a n t l y   i m p r o v e d   s t a b i l i t y   to   s e d i m e n t a t i o n   a n d  

to  i n o r g a n i c  s a l t   b r e a k i n g   w h i c h   is  a  p r o b l e m   when  t h e  

e m u l s i o n s   a r e   p r o d u c e d   on  a  c o m m e r c i a l   s c a l e   u s i n g   i n d u s t r i a l  

m a c h i n e r y   and  in  i n d u s t r i a l   u s e .   The  p o l y m e r i c   s u r f a c t a n t   o f  

t he   o r e s e n t   i n v e n t i o n   has   t h e   g e n e r a l   f o r m u l a :  

w h e r e i n   x  i s   a  w h o l e   n u m b e r   g r e a t e r   t h a n   a b o u t   5,  t he   m o l e  

r a t i o   o f   a : b   i s   f rom  3 :1   to   1 : 1 ,   p r o v i d e d   t h e   HLB  n u m b e r   i s  

m a i n t a i n e d   a t   l e s s   t h a n   a b o u t   14,  p r e f e r a b l y   l e s s   t h a n   a b o u t  

10;  and  R1,  R2,  R3  and  R4  a r e   e a c h   i n d e p e n d e n t l y   h y d r o g e n ,  

a l k y l   ( C 1 - 4 8 ) ,   a l k o x y   ( C 1 - 4 8 ) ,   a l k e n y l   ( C 2 - 4 8 ) ,   a r y l   ( C 6 - 1 2 )  

or  a l k a r y l   ( C 7 - 1 2 )   w h e r e i n   a t   l e a s t   one  of  R1-R4  is   a l k y l   ( C 4 -  

4 8 ) .   A  p r e f e r r e d   s u r f a c t a n t   c o r r e s p o n d s   to  t h e   a b o v e   f o r m u l a  

w h e r e i n   x  i s   a b o u t   100  to  400 ,   the   r a t i o   of  a : b   is   a b o u t   1 : 1 ,  

R1,  R2  and  R3  a r e   h y d r o g e n   and  R 4  i s  C 1 6 H 3 3 .  

The  p o l y m e r i c   s u r f a c t a n t   may  be  p r e p a r e d   in  a n y  
s u i t a b l e   m a n n e r ,   g e n e r a l l y   by  r e a c t i n g   m a l e i c   a n h y d r i d e   w i t h  



an  a p p r o p r i a t e   c o m o n o m e r .   Such   p r e p a r a t i o n   may,  f o r   e x a m p l e ,  

be  c o n d u c t e d   i n .  t h e   m a n n e r   d i s c l o s e d   in  U.  S.  P a t e n t   N o .  

3 , 7 3 2 , 3 3 7 ,   w h i c h   is  i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   I t   i s  

to  be  n o t e d ,   h o w e v e r ,   t h a t   t h e   p a r t i c u l a r   m e t h o d   of  p r e p a r i n g  

t h e   p o l y m e r i c   s u r f a c t a n t  d o e s   no t   c o n s t i t u t e   a  f e a t u r e   o f  

t h i s   i n v e n t i o n .  

A l s o   w i t h i n   t he   s c o p e   of  t h e   a b o v e   d e f i n i t i o n   o f  

t h e   p o l y m e r i c   s u r f a c t a n t   a r e   t h e   n o n - i o n i c   and  c a t i o n i c  

d e r i v a t i v e s   t h e r e o f .   As  is  o b v i o u s   to  t h o s e   s k i l l e d   in  t h e  

a r t ,   s u c h   d e r i v a t i v e s   may  be  p r e p a r e d   by  r e a c t i o n   of  t h e  

p o l y m e r i c   s u r f a c t a n t   w i t h ,   f o r   e x a m p l e ,   an  a l c o h o l   or  a n  

a m i n e .   B r i t i s h   P a t e n t   No.  1 , 0 9 3 , 0 8 1   d i s c l o s e s   t h e   use   of  a  

s u r f a c t a n t   s i m i l a r   to  t he   c a t i o n i c   d e r i v a t i v e   of  t h i s   i n v e n -  

t i o n   as  a  d i s p e r s i n g   a g e n t   f o r   f i n e   p a r t i c l e s   in  n o n - a q u e o u s  

s o l v e n t s .  

I t   has   b e e n   f u r t h e r   d i s c o v e r e d   t h a t   the   s t a b i l i t y  

of  t h e   h i g h   p o l y m e r i c   s o l i d s   c o n t e n t   w a t e r - i n - o i l   e m u l s i o n s  

may  be  more   g r e a t l y   e n h a n c e d   when  t h e   h e r e i n a b o v e   d e s c r i b e d  

p o l y m e r i c   s u r f a c t a n t   is   u s e d   in  c o n j u n c t i o n   w i t h   a  s e c o n d a r y  

p o l y m e r i c   s u r f a c t a n t   w h i c h   i s   a  l i n e a r  A B A   b l o c k   c o p o l y m e r   o f  

p o l y e s t e r - p o l y a l k y l e n e   o x i d e - p o l y e s t e r   w h e r e i n   t he   a l k y l e n e  

o x i d e   c o n t e n t   is  l e s s  t h a n   a b o u t   40  p e r c e n t ,   by  w e i g h t .  

P r e f e r a b l y ,   t h e   a l k y l e n e   o x i d e   c o n t e n t   is  a b o u t   30  p e r c e n t .  

E x a m p l e s   of   s u c h   c o p o l y m e r s   a r e   d i s c l o s e d   in  U.  S.  P a t e n t   N o .  

4 , 2 0 3 , 8 7 7 ,   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

E i t h e r   or  b o t h   of  t h e   p o l y m e r i c   s u r f a c t a n t   and  t h e  

s e c o n d a r y   p o l y m e r i c   s u r f a c t a n t   of  t h i s   i n v e n t i o n   may  b e  

a d d e d   p r i o r   to  p o l y m e r i z a t i o n ,   d u r i n g   p o l y m e r i z a t i o n ,   o r  
a f t e r   p o l y m e r i z a t i o n   i f   t h e  s y s t e m   has   no t   p r e v i o u s l y   g e l l e d .  

P r e f e r a b l y   t he   p o l y m e r i c   s u r f a c t a n t   is  a d d e d   p r i o r   t o  

p o l y m e r i z a t i o n   as  i t   has  been   f o u n d   to  a l l o w   the   use   of  h i g h e r  

p o l y m e r i z a t i o n   t e m p e r a t u r e s .  

The  e m u l s i o n   of  t h e   i n s t a n t   i n v e n t i o n   is  so  t e r m e d  

b e c a u s e   t h e   d i a m e t e r s   of  t he   d i s p e r s e d   p o l y m e r i c   p a r t i c l e s  

r a n g e   g e n e r a l l y   f rom  0 .1   to  10  m i c r o n s ,   w i t h   a b o u t   95%  of  t h e  

p a r t i c l e s   m e a s u r i n g   f rom  a b o u t   0 . 7   to  2 .5   m i c r o n s   in  d i a -  

m e t e r .   T h i s   is  to  be  c o n t r a s t e d   w i t h   a  s u s p e n s i o n ,   s u c h   a s  



t h a t   w h i c h   is  t he   s u b j e c t   of   B r i t i s h   P a t e n t   No.  1 , 3 2 9 , 0 6 2 ,  

w h e r e i n   t h e   p a r t i c l e   d i a m e t e r s   r a n g e   g e n e r a l l y   up  to  1 5 0  

m i c r o n s .   C o m m e r c i a l   s u s p e n s i o n s   n o r m a l l y   have   p a r t i c l e   s i z e s  

in  t h e   30  to  150  m i c r o n   r a n g e .  

A l t h o u g h   the   p r e s e n t   i n v e n t i o n   has   b e e n   f o u n d   to  b e  

i n d e p e n d e n t  o f   t h e   p a r t i c u l a r   e m u l s i o n   p o l y m e r i z a t i o n   m e t h o d  

e m p l o y e d ,   c e r t a i n   p r e f e r e n c e s   a r e   d e l i n e a t e d   in  t h e   g e n e r a l  

d e s c r i p t i o n   of  e m u l s i o n   p r e p a r a t i o n   w h i c h   f o l l o w s :  

A  p r e l i m i n a r y   e m u l s i o n   is   made  by  h o m o g e n i z i n g   o i l  

and  a q u e o u s   p h a s e s .   The  o i l   p h a s e   of  t h e   e m u l s i o n ,   w h i c h  

g e n e r a l l y   c o m p r i s e s   f rom  a b o u t   5  to  40  p e r e c e n t   by  w e i g h t   o f  

t h e   e m u l s i o n ,   is   c o m p r i s e d   of   one  or  more  i n e r t   h y d r o p h o b i c  

l i q u i d s .   P r e f e r a b l y ,   t he   o i l   p h a s e   c o m p r i s e s   f r o m   a b o u t   20  t o  

30  p e r c e n t   of  t h e   e m u l s i o n .   The  o i l   u s e d   may  be  s e l e c t e d   f r o m  

a  l a r g e   c l a s s   of  o r g a n i c   l i q u i d s   w h i c h   a r e   i m m i s c i b l e   w i t h  

w a t e r ,   i n c l u d i n g   l i q u i d   h y d r o c a r b o n s   a n d  s u b s t i t u t e d   l i q u i d  

h y d r o c a r b o n s .   As  r e p r e s e n t a t i v e   e x a m p l e s   t h e r e   may  be  m e n -  

t i o n e d   b e n z e n e ,   x y l e n e ,   t o l u e n e ,   m i n e r a l   o i l s ,   k e r o s e n e s ,  

n a p t h a s ,   c h l o r i n a t e d   h y d r o c a r b o n s ,   s u c h   as  p e r c h l o r o e t h y l e n e ,  

and  t h e   l i k e .  

The  o i l   p h a s e   a l s o   c o n t a i n s   one  or  more   c o n v e n t i o n a l  

e m u l s i o n   p o l y m e r i z a t i o n   s t a b i l i z e r s .   Such  s t a b i l i z e r s   a r e  

w e l l   known  to  the   a r t ,   and  t h o s e   p r e f e r r e d   f o r   w a t e r - i n - o i l  

e m u l s i o n s   i n c l u d e   t he   s o r b i t a n   e s t e r s .   The  m o s t   p r e f e r r e d  

c o n v e n t i o n a l   s t a b i l i z e r   i s   s o r b i t a n   m o n o - o l e a t e .   The  c o n -  
v e n t i o n a l   s t a b i l i z e r   is  p r e s e n t   in  an  a m o u n t   s u f f i c i e n t   t o  

s t a b i l i z e   t he   e m u l s i o n   d u r i n g   p o l y m e r i z a t i o n .   A l t h o u g h   t h e  

a m o u n t   w i l l   v a r y   d e p e n d i n g   u p o n ,   i n t e r   a l i a ,   t h e   m o n o m e r s   u s e d  

and  p o l y m e r i z a t i o n   c o n d i t i o n s ,   g e n e r a l l y   f rom  a b o u t   0 .5   to  5 . 0  

p e r c e n t   by  w e i g h t ,   b a s e d   upon   t he   t o t a l   e m u l s i o n   w e i g h t ,   i s  

u s e d .   The  e m u l s i o n   p o l y m e r i z a t i o n   s t a b i l i z e r   by  i t s e l f ,   e v e n  

in  an  i n c r e a s e d   a m o u n t ,   has   b e e n   f o u n d   i n c a p a b l e   of  s t a b i l -  

i z i n g   a  r e s u l t a n t   e m u l s i o n   h a v i n g   a b o u t   40  to  60%  s o l i d s .  

The  a q u e o u s   p h a s e   g e n e r a l l y   c o m p r i s e s   f r o m   a b o u t   95 
to  60  p e r c e n t ,   by  w e i g h t ,   of  t h e   e m u l s i o n .   P r e f e r a b l y ,   i t  

c o m p r i s e s   f rom  a b o u t   80  to  70  p e r c e n t   t h e r e o f .   In  a d d i t i o n   t o  



t h e   w a t e r ,   t he   a q u e o u s   p h a s e   c o n t a i n s   t he   d e s i r e d   monomers   t o  

be  p o l y m e r i z e d ,   in  an  a m o u n t   e q u a l   to  f rom  a b o u t   40  to  60%  b y  

w e i g h t ,   b a s e d   on  the   t o t a l   w e i g h t   of  t he   e m u l s i o n ,   and  g e n e r -  

a l l y   a  c h a i n . t r a n s f e r   a g e n t   and  an  i n i t i a t o r .   A l t e r n a t i v e l y ,  

t h e   c h a i n   t r a n s f e r   a g e n t   a n d / o r   t he   i n i t i a t o r   may  be  a d d e d   t o  

t h e   s y s t e m   a f t e r   t he   p r e l i m i n a r y   e m u l s i o n   h a s   been   p r e p a r e d .  

The  i n i t i a t o r   may  a l s o   be  a d d e d   c o n t i n u o u s l y   d u r i n g   p o l y -  

m e r i z a t i o n   to  c o n t r o l   t h e   r a t e   of  p o l y m e r i z a t i o n   d e p e n d i n g  

upon   the   p a r t i c u l a r   m o n o m e r s   u s e d   and  t h e i r   r e a c t i v i t y .   F u r -  

t h e r   a l t e r n a t i v e l y ,   t he   i n i t i a t o r   may  be  p r e s e n t   in  e i t h e r  

p h a s e   w i t h   t he   m o n o m e r s   b e i n g   a d d e d   e i t h e r   c o n t i n u o u s l y   o r  

i n c r e m e n t a l l y   t h e r e a f t e r .   Or  t h e   i n i t i a t o r   and  the   m o n o m e r s  

may  a l l   be  a d d e d   to  t h e   p r e l i m i n a r y   e m u l s i o n .  

Any  monomers   w h i c h ,   when  p o l y m e r i z e d   or  c o p o l y m e r -  

i z e d ,   y i e l d   w a t e r   s o l u b l e   p o l y m e r s ,   may  be  u s e d   in  t he   p r e s e n t  

i n v e n t i o n .   The  t e r m   " w a t e r   s o l u b l e "   means   t h a t   t he   p o l y m e r   i s  

s o l u b l e   in  w a t e r   in  an  a m o u n t   of  a t   l e a s t   1%  by  w e i g h t .   T h e  

p o l y m e r   may  be  e i t h e r   a n i o n i c ,   n o n - i o n i c   or  c a t i o n i c .   E x -  

a m p l e s   of  monomers   w h i c h   y i e l d   s u c h   w a t e r   s o l u b l e   p o l y m e r s   o r  

c o p o l y m e r s   i n c l u d e   a c r y l a m i d e ,   a c r y l i c   a c i d   and  i t s   s a l t s ,  

m e t h a c r y l a m i d e ,   m e t h a c r y l i c   a c i d   and  i t s   s a l t s ,   m e t h y l   a c r y l -  

a t e ,   e t h y l   a c r y l a t e ,   p r o p y l   a c r y l a t e ,   m e t h y l   m e t h a c r y l a t e ,  

e t h y l   m e t h a c r y l a t e ,   d i m e t h y l a m i n o e t h y l   a c r y l a t e ,   d i m e t h y l -  

a m i n o e t h y l   m e t h a c r y l a t e ,   d i e t h y l a m i n o e t h y l   a c r y l a t e ,   d i e t h -  

y l a m i n o e t h y l   m e t h a c r y l a t e ,   h y d r o x y e t h y l   a c r y l a t e ,   h y d r o x y -  

e t h y l   m e t h a c r y l a t e ,   d i e t h y l a m i n o e t h y l   a c r y l a t e   m e t h y l s u l -  

f a t e ,   d i m e t h y l a m i n o e t h y l   m e t h a c r y l a t e   m e t h y l c h l o r i d e   q u a t -  

e r n a r y ,   s t y r e n e ,   a c r y l o n i t r i l e ,   2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e  

s u l f o n i c   a c i d   and  i t s   s a l t s ,   3 - ( m e t h y l a c r y l a m i d o ) p r o p y l - t r i -  

m e t h y l a m m o n i u m   c h l o r i d e ,   v i n y l   m e t h y l   e t h e r ,   v i n y l   e t h y l  

e t h e r ,   a l k a l i   m e t a l   and  ammonium  s a l t s   of  v i n y l   s u l f o n i c   a c i d ,  

v i n y l   p y r i d i n e ,   v i n y l   p y r r o l i d o n e ,   v i n y l   i m i d a z o l e ,   d i a l l y l -  

d i m e t h y l a m o n i u m   c h l o r i d e   and  the   l i k e .   P r e f e r a b l y ,   t he   m o n o -  

mer s   a r e   s e l e c t e d   f rom  a c r y l a m i d e ,   a c r y l i c   a c i d   and  i t s   s a l t s ,  

a  q u a t e r n a r y   of  d i m e t h y l a m i n o e t h y l m e t h a c r y l a t e ,   and  3 - ( m e t h -  

y l a c r y l a m i d o ) p r o p y l -   t r i - m e t h y l a m m o n i u m   c h l o r i d e .   Most  p r e f -  

e r a b l y ,   t he   p o l y m e r   is  p o l y a c r y l a m i d e ,   p o l y a c r y l i c   a c i d ,   o r  

a  c o p o l y m e r   of  a c r y l a m i d e   and  a c r y l i c   a c i d .  



G e n e r a l l y ,   an  a n i o n i c   p o l y m e r i c   s u r f a c t a n t   is   u s e d  

when  t h e   w a t e r   s o l u b l e   p o l y m e r   is  a n i o n i c ,   and  a  c a t i o n i c  

d e r i v a t i v e   of  t he   p o l y m e r i c   s u r f a c t a n t   is   e m p l o y e d   when  t h e  

w a t e r   s o l u b l e   p o l y m e r   i s   c a t i o n i c .   A  n o n - i o n i c   d e r i v a t i v e   o f  

the   p o l y m e r i c   s u r f a c t a n t   may  be  u t i l i z e d   f o r   any  t y p e   o f  

p o l y m e r .   H o w e v e r ,   i t   i s   no t   c r i t i c a l   t h a t   t h i s   p r a c t i c e   b e  

f o l l o w e d .   A g a i n ,   r o u t i n e   e x p e r i m e n t a t i o n   w i l l   d e t e r m i n e   o p -  

t imum  c o m b i n a t i o n s .  

Any  c o n v e n t i o n a l   c h a i n   t r a n s f e r   a g e n t   may  be  e m -  

p l o y e d ,   s u c h   as  p r o p y l e n e   g l y c o l ,   i s o p r o p a n o l ,   2 - m e r c a p t o -  

e t h a n o l ,   d o d e c y l   m e r c a p t a n   and  t h i o g l y c o l i c   a c i d .   The  c h a i n  

t r a n s f e r   a g e n t  i s   g e n e r a l l y   p r e s e n t   in  an  a m o u n t   e q u a l   to   f r o m  

a b o u t   0.1  to  10 .0   p e r c e n t ,   by  w e i g h t ,   b a s e d   oh  t h e   t o t a l  

e m u l s i o n   w e i g h t .   H o w e v e r ,   more  of  the   c h a i n   t r a n s f e r   a g e n t   may 

be  a d d e d .  

The  i n i t i a t o r   may  be  any  f r e e   r a d i c a l   p r o d u c i n g  

m a t e r i a l   w e l l   known  in  t h e   a r t .   The  p r e f e r r e d   f r e e   r a d i c a l  

i n i t i a t o r s   a r e   t h e   p e r o x i d e - t y p e   p o l y m e r i z a t i o n   i n i t i a t o r s  

and  t h e   a z o - t y p e   p o l y m e r i z a t i o n   i n i t i a t o r s .   G e n e r a l l y   t h e  

a m o u n t   of  i n i t i a t o r   u t i l i z e d   is  f rom  a b o u t   0 . 0 0 0 5   to  0 . 5  

p e r c e n t   by  w e i g h t ,   b a s e d   upon  the   t o t a l   e m u l s i o n   w e i g h t .  

R a d i a t i o n   may  a l s o   be  u s e d   to  i n i t i a t e   t h e   r e a c t i o n ,   i f  

d e s i r e d .  

A  s e q u e s t e r i n g   a g e n t   may  a l s o   be  p r e s e n t   in  t h e  

a q u e o u s   p h a s e .   A l t h o u g h   t h e   p r e f e r r e d   s e q u e s t e r i n g   a g e n t   i s  

e t h y l e n e d i a m i n e   t e t r a a c e t i c   a c i d   (EDTA),   o t h e r   s e q u e s t e r i n g  

a g e n t s ,   s u c h   as  p e n t a s o d i u m   d i e t h y l e n e t r i a m i n e   p e n t a a c e t a t e ,  

may  be  e m p l o y e d .   U s u a l l y   f rom  a b o u t   0 . 0 1   to  2 .0   p e r c e n t   b y  

w e i g h t   b a s e d   on  t h e   w e i g h t   of   the   e m u l s i o n ,   of   t h e   s e q u e s t e r i n g  

a g e n t   i s   a d d e d ,   a l t h o u g h   more  may  be  u s e d .  

F o l l o w i n g   p r e p a r a t i o n   of  t he   p r e l i m i l n a r y   e m u l s i o n ,  

p o l y m e r i z a t i o n   of  t h e   m o n o m e r s   is  c o m m e n c e d   a t   a  t e m p e r a t u r e  

s u f f i c i e n t l y   h i g h   to   b r e a k   down  the   i n i t i a t o r   to  p r o d u c e   t h e  

d e s i r e d   f r e e   r a d i c a l s .   G e n e r a l l y   a  s u i t a b l e   r a n g e   of  t e m -  

p e r a t u r e s   is  a b o u t   - 2 0 ° C   to  200°C,   w i t h   p r e f e r r e d   t e m p e r a t u r e s  

a b o u t   200C  to  1 0 0 0 C .  



P r e f e r a b l y   t h e   p o l y m e r i z a t i o n   is  run   a t   a  pH  o f  

a b o u t   2 - 1 2 ,   and  a  s u i t a b l e   a m o u n t   of  ammonia   or  o t h e r   b a s e ,   o r  

a c i d ,   may  be  a d d e d   to  t he   p r e l i m i n a r y   e m u l s i o n   to  a c h i e v e   t h e  

d e s i r e d   pH.  The  p o l y m e r i z a t i o n   is  u s u a l l y   c o m p l e t e d   i n  f r o m  

a b o u t   an  h o u r   or  two  to  s e v e r a l   d a y s ,   d e p e n d i n g   upon   t h e  

m o n o m e r s   e m p l o y e d   and  o t h e r   r e a c t i o n   v a r i a b l e s .   I t   is   g e n -  

e r a l l y   c a r r i e d   ou t   a t   a t m o s p h e r i c   p r e s s u r e ,   b u t   s u p e r - a t -  

m o s p h e r i c   p r e s s u r e   i s   a d v a n t a g e o u s l y   u s e d   when  v o l a t i l e   i n -  

g r e d i e n t s   a r e   i n v o l v e d .  

F o l l o w i n g   c o m p l e t i o n   of  t h e   p o l y m e r i z a t i o n ,   t he   pH 

of  t he   e m u l s i o n   may  be  a d j u s t e d   as  d e s i r e d .   For   an  a n i o n i c  

e m u l s i o n ,   t h i s   i s   g e n e r a l l y   a b o u t   4 - 1 0 .   For   a  c a t i o n i c  

e m u l s i o n ,   t h i s   is   t y p i c a l l y   a b o u t   3 - 5 .   For  a  n o n - i o n i c   e m u l -  

s i o n ,   i t   is   a b o u t   3 - 7 .   A  b r e a k e r   s u r f a c t a n t   may  a l s o   be  a d d e d  

to  y i e l d   a  s i n g l e   p a c k a g e   f i n a l   p r o d u c t .   Any  s u i t a b l e   b r e a k e r  

s u r f a c t a n t   may  be  e m p l o y e d ,   e x p e r i m e n t a t i o n   b e i n g   t h e   b e s t  

means   of  d e t e r m i n i n g   w h i c h   b r e a k e r   s u r f a c t a n t   w i l l   p e r f o r m  

o p t i m a l l y   w i t h   a  g i v e n   e m u l s i o n   s y s t e m .   A  p r e f e r r e d   b r e a k e r  

s u r f a c t a n t   i s   a  c o m p o u n d   p r e p a r e d   by  r e a c t i n g   e t h y l e n e   o x i d e  

w i t h  n o n y l   p h e n o l .   T y p i c a l l y ,   t he   b r e a k e r   s u r f a c t a n t   is   a d d e d  

in  an  a m o u n t   e q u a l   to  f rom  a b o u t   0 .5   to  5 .0   p e r c e n t   by  w e i g h t ,  

b a s e d   on  t h e   t o t a l   e m u l s i o n   w e i g h t .   P r e f e r a b l y ,   f r o m   a b o u t   1 . 5  

to  3 .5   p e r c e n t   of  t h e   b r e a k e r   s u r f a c t a n t   is  a d d e d .  

Once  p r e p a r e d ,   t h e   e m u l s i o n s   of  t h e   p r e s e n t   i n -  

v e n t i o n   may  be  c h e m i c a l l y   m o d i f i e d   in  any  known  m a n n e r .   T h e  

t e r m   c h e m i c a l l y   m o d i f i e d   i s   i n t e n d e d   to  c o v e r   f u r t h e r   t r e a t -  

ment   of  t h e   d i s p e r s e d   p o l y m e r   a n d / o r   the   a d d i t i o n   of  c o m -  

p o n e n t s   to  t h e   d i s p e r s e d   p o l y m e r   w h i c h ,   w i t h o u t   t h e   s t a b i l -  

i z a t i o n   p r o v i d e d   by  t he   p o l y m e r i c   s u r f a c t a n t s   of   t h e   p r e s e n t  

i n v e n t i o n ,   w o u l d   n o r m a l l y   c a u s e   the   p o l y m e r i c   p a r t i c l e s   t o  

c o a g u l a t e   or  a g g l o m e r a t e .   E x a m p l e s   of  such   f u r t h e r   t r e a t m e n t s  

a r e   d i s c l o s e d   in  U.  S.  P a t e n t   Nos.  4 , 0 5 2 , 3 5 3   and  4 , 1 7 1 , 2 9 6 ,  

i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   The  e m u l s i o n   of  t h e   p r e s e n t  

i n v e n t i o n   may  a l s o   be  c o n c e n t r a t e d   in  any  s u i t a b l e   m a n n e r ,  

such   as  is  d i s c l o s e d   in  U.  S.  P a t e n t   No.  4 , 0 2 1 , 3 9 9 ,   i n c o r -  

p o r a t e d   h e r e i n   by  r e f e r e n c e .  

The  f o l l o w i n g   e x a m p l e s   a r e   i l l u s t r a t i v e   of  t h e  



p r e s e n t   i n v e n t i o n ,   b u t   a r e   n o t   in  any  way  a  l i m i t a t i o n   t h e r e o f .  

A l l   p a r t s   and  p e r e c e n t a g e s   a r e   by  w e i g h t   u n l e s s   o t h e r w i s e  

s p e c i f i e d .  

E x a m p l e   1 

A  w a t e r   p h a s e   c o n t a i n i n g   1 7 3 . 9   g.  of  a c r y l a m i d e ,  

7 5 . 4   g.  of  a c r y l i c   a c i d ,   a b o u t   19  g.  of   a m m o n i a ,   5 . 2   g.  o f  

p r o p y l e n e   g l y c o l ,   0 . 4 8   g.  of  t he   d i s o d i u m   s a l t   of  e t h y l e n e  

d i a m i n e t e t r a a c e t i c   a c i d ,   and  0 . 0 0 8   g.  of  t e r t i a r y   b u t y l   h y -  

d r o p e r c x i d e   in  1 3 8 . 6   g.  of  w a t e r   ( f o r  a   t o t a l   a q u e o u s   p h a s e   o f  

4 1 2 . 6   g . )   and  an  o i l   p h a s e   c o n t a i n i n g   1 4 3 . 1  g .   o i l ,   1 1 . 4   g.  o f  

s o r b i t a n   m o n o - o l e a t e   and   2 . 8 5   g.  of  an   a n i o n i c   p o l y m e r i c  

s u r f a c t a n t   h a v i n g   t h e   f o r m u l a :  

w h e r e   x  is  a b o u t   100  to  400  and  t h e   r a t i o   of  a : b   is  1 :1   ( f o r  

a  t o t a l   o i l   p h a s e   of   1 5 7 . 3 5   g . )   were   h o m o g e n i z e d .   The  r e s u l t i n g  

e m u l s i o n   s y s t e m   was  t h e n   t r a n s f e r r e d   to  a  s u i t a b l e   r e a c t i o n  

v e s s e l   w i t h   s t i r r i n g   and  s p a r g e d   w i t h   N2.  As  0 .5   c c / h r   of   a  

0 .36%  s o l u t i o n   of  s o d i u m   m e t a b i s u l f i t e   was  a d d e d   f o r  4   to   5 

h o u r s ,   t he   t e m p e r a t u r e   of  t h e   e m u l s i o n   i n c r e a s e d   to  a b o u t   5 0 0  

C,  and  a g i t a t i o n   was  m a i n t a i n e d   f o r   5  to  6  h o u r s ,   p o l y m e r i -  

z a t i o n   b e i n g   c o m p l e t e d   a t   t h e   end  of  t h a t   t i m e .  

The  p o l y m e r i c   s o l i d s   c o n t e n t   of  t he   e m u l s i o n   p r o -  
d u c t   was  a b o u t   46  p e r c e n t   by  w e i g h t .  

In  t h e   f o l l o w i n g   e x a m p l e s ,   e m u l s i o n s   were   p r e p a r e d  

g e n e r a l l y   in  a c c o r d a n c e   w i t h   t he   p r o c e d u r e   o u t l i n e d   in  E x a m p l e  

1,  b u t   w i t h   t he   p o l y m e r i c   c o n t e n t   c h a n g e d   as  i n d i c a t e d .   A l s o ,  

in  e a c h   i n s t a n c e   a  b r e a k e r   s u r f a c t a n t ,   p r e p a r e d   by  r e a c t i n g  

e t h y l e n e   o x i d e   w i t h   n o n y l   p h e n o l ,   was  a d d e d   to  t he   f i n a l  

e m u l s i o n   to  y i e l d   a  one  p a c k a g e   p r o d u c t .   ( S u c h   an  a d d i t i o n   i s  

commonly   made  in  c o m m e r c i a l   p r e p a r a t i o n   so  t h a t   l e s s   work   i s  

i n v o l v e d   on  the   c o n s u m e r ' s   p a r t   to  r e a d y   t h e   e m u l s i o n   f o r   u s e . )  



In  e a c h   E x a m p l e ,   the  e m u l s i o n s   we re   s t i r r e d   a t   r o o m  

t e m p e r a t u r e   and  a  g i v e n   e m u l s i o n ' s   r e s i s t a n c e   to  g e l l a t i o n  

u n d e r   t h o s e   c i r c u m s t a n c e s   is  the   m e a s u r e m e n t   of  i t s   m e c h a n i c a l  

s t a b i l i t y .  

Example   2 

E m u l s i o n s   were   p r e p a r e d   c o n t a i n i n g   a b o u t   46  p e r -  

c e n t ,   by  w e i g h t ,   of  p o l y m e r i c   s o l i d s   ( a s   a  7 0 / 3 0   a c r y l -  

a m i d e / a m m o n i u m   a c r y l a t e   c o p o l y m e r ) ,   and   h a v i n g   o i l   p h a s e s  

w i t h   t he   c h a r a c t e r i s t i c s   s e t   out   in  T a b l e   I .   A l s o   i n c l u d e d   i s  

the   m e c h a n i c a l   s t a b i l i t y   d e t e r m i n e d   f o r   e a c h   e m u l s i o n .  

I t   is   s e e n   f rom  T a b l e   I  t h a t   t h e   use   of  t he   p o l y m e r i c  

s u r f a c t a n t   of  t h e   i n s t a n t   i n v e n t i o n   r e n d e r s   t h e   r e s u l t a n t  

e m u l s i o n   s i g n i f i c a n t l y   more  s t a b l e   t h a n   when  e i t h e r   s o r b i t a n  

m o n o - o l e a t e   is   t h e   l o n e   s u r f a c t a n t   or  s o r b i t a n   m o n o l a u r a t e   i s  

u s e d   as  a  c o s u r f a c t a n t .  E x a m p l e  3  

E m u l s i o n s   we re   p r e p a r e d   c o n t a i n i n g   p o l y m e r i c   s o l i d s  

as  in  E x a m p l e   2  b u t   h a v i n g   o i l   p h a s e s   w i t h   t h e   c h a r a c t e r i s t i c s  

s e t   ou t   in  T a b l e   I I .   As  can  be  s e e n   f r o m   t h e   r e s u l t s   s h o w n ,  

the   p o l y m e r i c   s u r f a c t a n t   of  the   p r e s e n t   i n v e n t i o n   g r e a t l y  
e n h a n c e d   t h e   m e c h a n i c a l   s t a b i l i t y   of  t h e   e m u l s i o n s   p r e p a r e d  

t h e r e w i t h .  

E x a m p l e   4 

E m u l s i o n s   w e r e   p r e p a r e d   c o n t a i n i n g   a b o u t   44  p e r c e n t ,  

by  w e i g h t ,   of  p o l y a c r y l a m i d e   s o l i d s   ( t h e   p o l y m e r   b e i n g   a  

h o m o p o l y m e r   of  a c r y l a m i d e )   and  h a v i n g   o i l   p h a s e s   w i t h   t h e  

c h a r a c t e r i s t i c s   s e t   out   in  T a b l e   I I I .   The  r e s u l t s   a r e  

s e l f - e x p l a n a t o r y .  

Example   5 

E m u l s i o n s   w e r e   p r e p a r e d   c o n t a i n i n g   a b o u t   5 0 . 5   p e r -  

c e n t ,   by  w e i g h t ,   of   p o l y m e r i c   s o l i d s   ( a s  a m m o n i u m   a c r y l a t e   i n  

a  h o m o p o l y m e r   of  a c r y l i c   a c i d )   and  h a v i n g   o i l   p h a s e s   w i t h   t h e  

c h a r a c t e r i s t i c s   o u t l i n e d   in  T a b l e   I V .  

Example   6 

E m u l s i o n s   h a v i n g   i n c r e a s e d   s o l i d s   o v e r   t h o s e   o f  

E x a m p l e   4,  i . e . ,   4 7 . 5   p e r c e n t ,   by  w e i g h t ,   of  p o l y m e r i c   s o l i d s  

( t h e   p o l y m e r   b e i n g   a  h o m o p o l y m e r   of  a c r y l a m i d e ) ,   a n d . h a v i n g  

o i l   p h a s e   c o n t e n t s   as  s e t   f o r t h   in  T a b l e   V,  were   p r e p a r e d .   I n  









a d d i t i o n   to  t he   p o l y m e r i c   s u r f a c t a n t   of  E x a m p l e   1,  e m u l s i o n   R 

c o n t a i n e d   a  s e c o n d a r y   p o l y m e r i c   s u r f a c t a n t   of  t h e   p r e s e n t  

i n v e n t i o n   w h i c h   is   a  l i n e a r   ABA  b l o c k   c o p o l y m e r   of  p o l y -  

e s t e r - p o l y e t h y l e n e   o x i d e - p o l y e s t e r ,   p r e p a r e d   by  r e a c t i n g  

c o n d e n s e d   1 2 - h y d r o x y s t e a r i c   a c i d   w i t h   p o l y e t h y l e n e   o x i d e   a c -  

c o r d i n g   to   t h e   p r o c e d u r e   o u t l i n e d   i n  U .   S.  P a t e n t   No.  4 , 2 0 3 , -  

877 ,   and  c o n t a i n i n g   a b o u t   30%  by  w e i g h t ,   e t h y l e n e   o x i d e .  

E m u l s i o n   S  c o n t a i n e d   a  p o l y m e r i c   s u r f a c t a n t   w h i c h   is  a  

b r a n c h e d   p o l y e s t e r - p o l y e t h y l e n e   o x i d e   c o m p o u n d ,   p r e p a r e d   b y  

r e a c t i n g   an  a l k ( e n ) y l   s u c c i n i c   a n h y d r i d e   w i t h   p o l y e t h y l e n e  

o x i d e   a c c o r d i n g   to   t he   p r o c e d u r e   o u t l i n e d   i n  U .   S.  P a t e n t   No .  

4 , 2 0 3 , 8 7 7 .  

The  r e s u l t s   s e t   f o r t h   in  T a b l e   V  d e m o n s t r a t e   t h a t   t h e  

p o l y m e r i c   s u r f a c t a n t   of  t h i s   i n v e n t i o n   is   an  e s s e n t i a l   i n -  

g r e d i e n t   p r o v i d i n g   m e c h a n i c a l   s t a b i l i t y   and   t h a t   when  t h e  

s e c o n d a r y   p o l y m e r i c   s u r f a c t a n t   of  t he   p r e s e n t   i n v e n t i o n   (A)  i s  

f u r t h e r   a d d e d   to  t h e   e m u l s i o n ,   t he   m e c h a n i c a l   s t a b i l i t y   i s  

e v e n   t h a t   much  more  e n h a n c e d .  

E x a m p l e  7  

T h i s   e x a m p l e   d e m o n s t r a t e s   t he   m e c h a n i c a l   a n d -  s e d i -  

m e n t a t i o n   s t a b i l i t i e s   of  e m u l s i o n s   c o n t a i n i n g   t he   p o l y m e r i c  

s u r f a c t a n t   a l o n e   and  t h e   p o l y m e r i c   s u r f a c t a n t   t o g e t h e r   w i t h  

t he   s e c o n d   p o l y m e r i c   s u r f a c t a n t .  

E m u l s i o n s   c o n t a i n i n g   a b o u t   4 6 . 5   p e r c e n t ,   by  w e i g h t ,  
of  p o l y m e r i c   s o l i d s   ( a s   a  7 0 / 3 0   a c r y l a m i d e / a m m o n i u m   a c r y l a t e  

c o p o l y m e r )   and  h a v i n g   o i l   p h a s e   c o n t e n t s   as  s e t   f o r t h   in  T a b l e  

VI  we re   p r e p a r e d .  

The  a b o v e   d a t a   shows  t h a t   t h e   c o m b i n a t i o n   of  t h e  

i n s t a n t   i n v e n t i o n ' s   p o l y m e r i c   s u r f a c t a n t   w i t h   s e c o n d a r y   p o l y -  
m e r i c   s u r f a c t a n t   A  n o t   o n l y   p r o v i d e d   t h e   e m u l s i o n   w i t h   e x -  

c e l l e n t   m e c h a n i c a l   s t a b i l i t y   (as   d id   t h e   p o l y m e r i c   s u r f a c t a n t  

by  i t s e l f ) ,   bu t   a l s o   r e s u l t e d   in  a  s m a l l e r   p o l y m e r i c   p a r t i c l e  

s i z e   and  no  o i l   p h a s e   s e p a r a t i o n   a f t e r   two  m o n t h s .   When  u s e d  

w i t h o u t   t h e   p o l y m e r i c   s u r f a c t a n t ,   h o w e v e r ,   t h e   s e c o n d a r y  

p o l y m e r i c   s u r f a c t a n t   A  d id   no t   w o r k .  

Example   8 

The  m e t h o d   of  p r e p a r i n g   the   e m u l s i o n   s e t   f o r t h   i n  







E x a m p l e   1  is  r e p e a t e d   in  e v e r y   d e t a i l   e x c e p t   t h a t   t h e   p o l y m e r i c  

s u r f a c t a n t   of  t h i s   i n v e n t i o n   is  no t   p r e s e n t   in  t h e   p r e l i m i n a r y  

e m u l s i o n .   I n s t e a d ,   i t   i s   a d d e d   d u r i n g   t h e   p o l y m e r i z a t i o n   o f  

t h e   m o n o m e r s .   S i m i l a r   r e s u l t s   a r e   o b t a i n e d .  

E x a m p l e   9 

The  p r o c e d u r e   of   E x a m p l e   1  is   r e p e a t e d   e x c e p t   t h e  

p o l y m e r i c   s u r f a c t a n t   i s   r e p l a c e d   by  o t h e r   p o l y m e r i c   s u r -  

f a c t a n t s   as  p e r   t he   f o r m u l a :  

w h e r e i n   R1,  R2,  R3,  R4,  x  and  the   r a t i o   of  a : b   w e r e   a s  

f o l l o w s :  

In  e a c h   c a s e ,   s u b s t a n t i a l l y   s i m i l a r   s t a b i l i z e d  

e m u l s i o n s   h a v i n g   40  to   60%  p o l y m e r i c   s o l i d s   r e s u l t .  

E x a m p l e   10 

The  p r o c e d u r e   of   E x a m p l e   1  i s   r e p e a t e d   e x c e p t   t h a t  

t h e   m o n o m e r s   a r e   r e p l a c e d   w i t h   e q u a l   a m o u n t s   o f  

a)  9 5 : 5   mo le   p e r c e n t   a c r y l a m i d e : d i m e t h y l a m i n o e t h y l  

m e t h a c r y l a t e   m e t h y l c h l o r i d e   q u a t e r n a r y ,   w h i c h   y i e l d s   a  c a t -  

i o n i c   p o l y m e r ,   and  t h e   t e m p e r a t u r e   of  p o l y m e r i z a t i o n   w a s  

r a i s e d   to  600  C . ;  

b)  100  mole   p e r c e n t   a c r y l i c   a c i d ,   y i e l d i n g  
an  a n i o n i c   p o l y m e r ;   a n d  



c)  100  mole  p e r c e n t   m e t h a c r y l a m i d e ,   y i e l d i n g  

a  n o n - i o n i c   p o l y m e r   and  t h e   p o l y m e r i c   s u r f a c t a n t   i s   m a d e  

n o n - i o n i c   by  d e r i v a t i z a t i o n   w i t h   m e t h a n o l   by  r e a c t i n g   m e t h -  

a n o l   t h e r e w i t h   f o r   a b o u t   5  h o u r s   a t   a b o u t   120°  C. 

S t a b l e   e m u l s i o n s   r e s u l t   in  e a c h   i n s t a n c e .  

E x a m p l e   11  

The  p r o c e d u r e   of  E x a m p l e   1  is   r e p e a t e d   e x c e p t   t h a t  

t he   m o n o m e r s   u s e d   a r e   90  mole   p e r c e n t   a c r y l a m i d e   and  10  m o l e  

p e r c e n t   3 - ( m e t h a c r y l a m i d o ) p r o p y l - t r i -   m e t h y l a m m o n i u m   c h l o r -  

ide   ( t h e   r e s u l t a n t   p o l y m e r   b e i n g   c a t i o n i c ) ,   and  the   p o l y m e r i c  

s u r f a c t a n t   is  made  c a t i o n i c   by  d e r i v a t i z a t i o n   w i t h  d i e t h y l e n e  

t r i a m i n e   by  r e a c t i n g   d i e t h y l e n e   t r i a m i n e   w i t h   i t   u n d e r   r e f l u x  

c o n d i t i o n s   f o r  4   to  6  h o u r s   a t   a b o u t  2 0 0 0   C . .  

A  s t a b l e   e m u l s i o n   r e s u l t s .  

N u m e r o u s   m o d i f i c a t i o n s   and  v a r i a t i o n s   of  t h e   p r e s e n t  

i n v e n t i o n   a r e   p o s s i b l e   in  l i g h t   of  t he   of  t he   f o r e g o i n g  

d i s c l o s u r e   and ,   t h e r e f o r e ,   w i t h i n   t h e   s c o p e   of  t he   a p p e n d e d  

c l a i m s ,   t he   i n v e n t i o n   may  be  p r a c t i c e d   o t h e r w i s e   t h a n   i s  

p a r t i c u l a r l y   d e s c r i b e d .  



1.  A  s t a b l e   w a t e r - i n - o i l   e m u l s i o n   c o m p r i s e d   of  f r o m  

a b o u t   40  to  60%  by  w e i g h t ,   b a s e d   on  t he   t o t a l   w e i g h t   of  t h e  

e m u l s i o n ,   of  a  w a t e r   s o l u b l e   p o l y m e r ,   and  a  p o l y m e r i c   s u r -  

f a c t a n t ,   in  an  a m o u n t   s u f f i c i e n t   to  s t a b i l i z e   t he   e m u l s i o n ,  

h a v i n g   t h e   f o r m u l a :  

w h e r e i n   x  i s   a  w h o l e   n u m b e r   g r e a t e r   t h a n   a b o u t   5,  t h e   m o l e  

r a t i o   of  a : b   i s   f r o m   3:1  to  1 : 1 ,   p r o v i d e d   t h e   HLB  n u m b e r   i s  

m a i n t a i n e d   a t   l e s s   t h a n   a b o u t   14,  R1,  R2,  R3  and  R 4  a r e  

i n d e p e n d e n t l y   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  h y d r o g e n ,  

a l k y l   ( C 1 - C 4 8 ) ,   a l k o x y   ( C 1 - 4 8 ) ,   a l k e n y l   ( C 2 - 4 8 ) ,   a r y l   ( C 6 - 1 2 ) ,  

a l k a r y l   ( C 7 - 1 2 ) ,   and  a t   l e a s t   one  of  R1,  R2,  R3,  and  R4  i s   a l k y l  

( C 4 - 4 8 ) .  

2.  The  e m u l s i o n   of  C l a i m   1  w h e r e i n   t h e   HLB  n u m b e r   i s  

l e s s   t h a n   a b o u t   1 0 .  

3.  The  e m u l s i o n   of  C l a i m   1  w h e r e i n   x  is  a b o u t   100  t o  

400,   t h e   mole   r a t i o   of  a : b   is  1 : 1 ,   R1,  R2  and  R3  a r e   e a c h  

h y d r o g e n   and  R4  is   C 1 6 H 3 3 .  
4.  The  e m u l s i o n   of  C l a i m   1  w h e r e i n   s a i d   w a t e r   s o l u b l e  

p o l y m e r   is   a  p o l y m e r   or  c o p o l y m e r   c o m p r i s e d   of  m o n o m e r s   s e -  

l e c t e d   f rom  a c r y l a m i d e ,   a c r y l i c   a c i d   and  i t s   s a l t s ,   m e t h -  

a c r y l a m i d e ,   m e t h a c r y l i c   a c i d   and  i t s   s a l t s ,   m e t h y l   a c r y l a t e ,  

e t h y l   a c r y l a t e ,   p r o p y l   a c r y l a t e ,   m e t h y l   m e t h a c r y l a t e ,   e t h y l  

m e t h a c r y l a t e ,   d i m e t h y l a m i n o e t h y l   a c r y l a t e ,   d i m e t h y l a m i n o e t h y l  

m e t h a c r y l a t e ,   d i e t h y l a m i n o e t h y l   a c r y l a t e ,   d i e t h y l a m i n o e t h y l  

m e t h a c r y l a t e ,   h y d r o x y e t h y l   a c r y l a t e ,   h y d r o x y e t h y l   m e t h a c r y -  

l a t e ,   d i e t h y l a m i n o e t h y l   a c r y l a t e   m e t h y l s u l f a t e ,   d i m e t h y l a m i n -  

o e t h y l   m e t h a c r y l a t e   m e t h y l c h l o r i d e   q u a t e r n a r y ,   s t y r e n e ,   a -  



c r y l o n i t r i l e ,   2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e   s u l f o n i c   a c i d   a n d  

i t s   s a l t s ,   3 - ( m e t h y l a c r y l a m i d o ) p r o p y l - t r i m e t h y l a m m o n i u m   c h l o -  

r i d e ,   v i n y l   m e t h y l   e t h e r ,   v i n y l   e t h y l   e t h e r ,   v i n y l   p y r i d i n e ,  

v i n y l   p y r r o l i d o n e ,   v i n y l   i m i d a z o l e ,   d i a l l y l d i m e t h y l a m m o n i u m  

c h l o r i d e ,   or  m i x t u r e s   t h e r e o f .  

5.  The  e m u l s i o n   of   C l a i m   1  - f u r t h e r   c o n t a i n i n g   a  

s e c o n d   p o l y m e r i c   s u r f a c t a n t   w h i c h   is  a  l i n e a r   ABA  b l o c k   c o -  

p o l y m e r   of  p o l y e s t e r - p o l y a l k y l e n e   o x i d e p o l y e s t e r ,   w h e r e i n   t h e  

a l k y l e n e   o x i d e   c o n t e n t   is  l e s s   t h a n   a b o u t   40%  by  w e i g h t ,   b a s e d  

on  t he   w e i g h t   of  the   c o p o l y m e r ,   in  an  amount   e f f e c t i v e   t o  

e n h a n c e   t he   s t a b i l i t y   of  s a i d   e m u l s i o n .  

6.  The  e m u l s i o n   of  C l a i m   5  w h e r e i n   t he   s e c o n d  

p o l y m e r i c   s u r f a c t a n t   i s   p r e p a r e d   by  r e a c t i n g   c o n d e n s e d   1 2 -  

h y d r o x y s t e a r i c   a c i d   w i t h   p o l y e t h y l e n e   o x i d e   and  c o n t a i n s  

a b o u t   30%  by  w e i g h t ,   b a s e d   on  t h e   w e i g h t   of  t he   c o p o l y m e r ,  
of  e t h y l e n e   o x i d e .  

7.  In  a  p r o c e s s   f o r   p r e p a r i n g   a  s t a b l e   w a t e r - i n - o i l  

e m u l s i o n   c o n t a i n i n g   a  w a t e r   s o l u b l e   p o l y m e r   by  e m u l s i o n   p o l y m -  
e r i z a t i o n   of  monomers   in  t h e   p r e s e n c e   of  an  a m o u n t   of  a n  
e m u l s i o n   p o l y m e r i z a t i o n   s t a b i l i z e r   s u f f i c i e n t   to  s t a b i l i z e  

such   e m u l s i o n   d u r i n g   p o l y m e r i z a t i o n ,   the   i m p r o v e m e n t   w h i c h  

c o m p r i s e s   i n c r e a s i n g   the   m o n o m e r   c o n t e n t   to  a b o u t   40  to  60$  b y  

w e i g h t   b a s e d   on  the   t o t a l   w e i g h t   of  the   e m u l s i o n ,   and  i n -  

c o r p o r a t i n g   i n t o   the   e m u l s i o n   a  p o l y m e r i c   s u r f a c t a n t ,   in  a n  
a m o u n t   s u f f i c i e n t   to  s t a b i l i z e   t h e   p r o d u c t   e m u l s i o n ,   h a v i n g   t h e  

f o r m u l a :  

w h e r e i n   x  is   a  whole   number   g r e a t e r   t h a n   a b o u t   5,  the   r a t i o   o f  

a :b   is  f rom  3:1  to  1 :1 ,   p r o v i d e d   the   HLB  number   is  m a i n t a i n e d  

a t   l e s s   t h a n   a b o u t   14,  R1,  R2,  R3  and  R4  a re   i n d e p e n d e n t l y  
s e l e c t e d   f rom  the   g roup   c o n s i s t i n g   of  h y d r o g e n ,   a l k y l   ( C 1 - 4 8 ) ,  



a l k o x y   ( C 1 - 4 8 ) ,   a l k e n y l   ( C 2 - 4 8 ) ,   a r y l   ( C 6 - 1 2 )   and  a l k a r y l   ( C 7 -  

12) ,   and  at   l e a s t   of  Rl,  R2,  R3  and  R4  is  a l k y l   ( C 4 - 4 8 ) .  

8.  The  p r o c e s s   of  C l a i m   7  f u r t h e r   c o m p r i s i n g   t h e  

a d d i t i o n   of  a  s e c o n d   p o l y m e r i c   s u r f a c t a n t ,   wh ich   is  a  l i n e a r  

ABA  b l o c k   c o p o l y m e r   of  p o l y e s t e r - p o l y a l k y l e n e   o x i d e - p o l y e s t e r  
w h e r e i n   t he   a l k y l e n e   o x i d e   c o n t e n t   i s   l e s s   t h a t   a b o u t   40%  b y  

w e i g h t ,   b a s e d   on  the   w e i g h t   of  t h e   c o p o l y m e r .  

9.  The  p r o c e s s   of  C l a i m   7  w h e r e i n   x  is   a b o u t   1 0 0  

to  400,   t he   r a t i o   of  a :b   i s   1 : 1 ,   R1,  R2  and  R3  a re   e a c h  

h y d r o g e n   and  R4is   C 1 6 H 3 3 .  
10.  In  a  w a t e r - i n - o i l   e m u l s i o n   w h e r e i n   one  or  m o r e  

m o n o m e r s   a r e   p o l y m e r i z e d   in  t he   p r e s e n c e   of  an  e m u l s i o n   p o l y m -  

e r i z a t i o n   s t a b i l i z e r   to  p r o d u c e   a  w a t e r   s o l u b l e   p o l y m e r   in  s u c h  

e m u l s i o n ,   t he   i m p r o v e m e n t   w h i c h   c o m p r i s e s   i n c r e a s i n g   the   m o n -  

omer  c o n t e n t   in  t he   e m u l s i o n   to  a b o u t   40  to  60%  by  w e i g h t ,   b a s e d  

on  t h e   t o t a l   w e i g h t   of  the   e m u l s i o n ,   and   i n c o r p o r a t i n g   t h e r e i n  

a  p o l y m e r i c   s u r f a c t a n t   h a v i n g   t h e   f o r m u l a :  

w h e r e i n   x  is  a  who le   number   g r e a t e r   t h a n   a b o u t   5,  the   r a t i o   o f  

a : b   i s   f rom  3:1  to  1:1 ,   p r o v i d e d   t h e   HLB  number   is  m a i n t a i n e d  

at   l e s s   t h a n   a b o u t   14,  R1,  R2,  R3  and  R4  a re   i n d e p e n d e n t l y  

s e l e c t e d   f rom  the   g roup   c o n s i s t i n g   of  h y d r o g e n ,   a l k y l   ( C 1 - 4 8 ) ,  

a l k o x y   ( C 1 - 4 8 ) ,   a l k e n y l   ( C 2 - 4 8 ) ,   a r y l   ( C 6 - 1 2 )   and  a l k a r y l   ( C 7 -  

12)  and  at   l e a s t   one  of  R1,  R2,  R3  and  R4  is  a l k y l   ( C 4 - 4 8 ) .  

11.  The  e m u l s i o n   of  C l a i m   10  c o m p r i s i n g   f u r t h e r  

i n c o r p o r a t i n g   of  a  s e c o n d   p o l y m e r i c   s u r f a c t a n t ,   w h i c h   is  a  

l i n e a r   ABA  b l o c k   c o p o l y m e r   of  p o l y e s t e r - p o l y a l k y l e n e   o x i d e -  

p o l y e s t e r   w h e r e i n   the  a l k y l e n e   o x i d e   c o n t e n t   is  l e s s   t h a n   a b o u t  

40%  by  w e i g h t ,   b a s e d   on  the   w e i g h t   of  t he   c o p o l y m e r ,   in  a n  

a m o u n t   e f f e c t i v e   to  e n h a n c e   t h e   s t a b i l i t y   of  s a i d   e m u l s i o n .  
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